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ABSTRACT 
Color infrared fundus pho tographs were made of normal and 
pathological eyes. These were compared to conventional fundus 
photographs of the s ame eyes. 
of s e l ected fundus features. 
Skilled j udges rated the visibility 
Infrared photography produces 
pi ctures with false color, altered contras t and increased tissue 
pene trat ion . These characteris tics of infrared film were found 
to be us eful in visualizina the choroidal ves sel pattern, show-
ing areas of extensive exudates and retinal atrophy , and showing 
fundus changes deep to the retina. A convenient metho� of 
focusing for infrared pictures was found and an explanation of 
the repor ted variations in the color renditions of infrared 
photographs is suggested. 
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INTRODUCTION 
Fundus photogr aphy h as long been a usefu l  tool for the 
de te c t ion of retinal d isease . Th is techn ique provides a 
permanent record of the retinal features, as wel l  as a l l owing 
one to document fundus changes . 
Mos t  photography of the ocular fundus has uti lized vis ible 
ligh t ( approx ima te ly 3 8 0  to 7 8 0  n anometers ) bec ause the hum an 
eye is receptive to this port ion of the spectrum . 
Upo n  enter ing the eye, l i gh t  is transm itted through the 
ocul ar med i a, and p asses through the inner l ayers of the ret ina 
with l i tt le absorp t i on . Upon reach ing the ret ina's outer l ayer, 
the p igment epi thel ium, and choroid, l igh t  is absorbed much 
more ( F i gure 1 and 2). 
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Fig. 1-Percentage transmiss ion in 
the o cu l ar med i a, retina, and entire 
globe for two human eyes ( Geerae t s  
et a l. ) . 
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rig. 2-Absorption characteristics of 
humans and four groups of rabbit fundi 
for light incident on the fundus 
(Geeraets et al. ). 
On the other hand, near-infrared wavelengths, especially 
i 
those bet�een 85 0 and 950nm, are transmitted through the retina 
and the choroid to a much greater extent than visible. 'This 
capability to penetrate most ocular tissues and the resulting 
possibility to record this information on film has ta.ntalizeC: 
eye care practioners for years. The most striking advantage 
of infrared fundus ph9tography might be the possibility of early 
detection of choroidal changes including pigmented neoplasms. 
It is necessary to differentiate between the near-infrared 
and the far-infrared regions. Infrared (IR) wavelengths greater 
than llOOnm can be considered the far-infrared. Far-infrared 
wavelengths are emitted from the body as thermal energy. Therm-
ography, the visualization of emitted thermal energy, is probably 
3 
not po s sible in the eye due to the ab s orption c haracteri stic s 
o f  the aqueou s (Personal correspondence from R .  Bowling Barnes 
to Oscar W .  Richards, Feb. 17, 1977). 
Early studies of infrared photography indicated some use­
fulness, but many problems. Mann (19 3 5 )  cite s two German 
inve stigation s, one by Dekking (1933) who found that infrared 
wavelengths can be used to penetrate opaque corneas. Another 
German , Kugelburg (1934 ) ,  stated that infrared photography had 
little value for ophthalmology. Mann himself used Eastman 
infrared sen sitive p l ate s, with maximum sensitivity around 
820 nm., to show that IR wavelengths could pass through corneal 
and lens opacities, including mature senile cataracts. 
Feldman (1936), using simi l ar technique s, found that infrared 
fundus photography was di f ficu lt becau se of the heat produced 
by the light source, the poor contrast, and the lack of detail. 
In the photographs made, blood vessels were not sharply delineated , 
and the macula was not visible. IR photography's main value as 
noted by Feldman was in penetrating corneal leukomas, in order 
that pupil size and shape could be determined. 
Much later, Ogg ( 1 9 58) reviewed the use of a British Army 
type IR converter tube, which could be used to penetrate media 
opacities. Unfortunately, the resolution o f  the instrument 
was not sufficient for detailed views o f  the fundus. Potts 
et al. (195 9)  showed that television cameras can be used in 
translating IR images of the fundus into visible images. When 
setting up a fundus camera with a television imaging system, 
Potts could selectively filter out any unwanted wavelengths, 
L 
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so that short or long wavelengths could be imaged on a 
black-and-white television monitor. Here, too, the resolution 
was not good (525 lines made up the picture ) , so retinal details 
could not be seen. 
With Kodak High Speed IR 3 5rnm film, Hickam et al. (1963) 
photographed retinal blood vessels with wavelengths around 800nm. 
By comparing these photos densitometrically with those taken 
with Royal X Pan film , retinal blood oxygen saturation could 
be determined in the larger vessels . Their technique was mainly 
experimental, and was not useful clinically. 
Behrendt and Wilson {1965) studies spectral reflectance 
from retinal features by photographing the fundus with mono-
chromatic light varying from 431 to 640nm (all visible) . They 
noted that as the wavelength of the light increased, the detail 
seen in both the optic disk and the arterial blood vessels 
decreased (due to increased reflectance of all features). The 
macula was not detectab le with light around 640nm, but choroidal 
pigment patterns became more visible. Thus, longer wavelengths 
were shown to penetrate f undus structures more than shorter 
wavelengths. However, Behrendt and Wilson did not indicate 
film used, so its sensitivities to di fferent wavelengths are 
unknown. 
Investigating the use of spectral reflectance for clinical 
pathology detection, Behrendt and Duane (1966) associated the 
wavelength used with the depth of penetration into the retina. 
For example, pictures utilizing wavelengths around 477nm would 
not penetrate beneath the inner retinal layers, while wavelengths 
I 
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around 640nm. would pierce through the retinal l ayers to t he 
choroid . They reasoned that an anterior retin al hemorrhage 
wou l d  be "invisib le" to wavelengths near 6 4 0nm, whi le those 
near 5 7 7nm make the hemorrhage quite evident. 
Further possible clinic al use o f  spectral reflectan ce 
photography includes early detection of diabetes rnel litus 
(pigment epithe lium becomes less transparent) , and arterio-
sclerosis (increases transp arency of pigment epithelium). Un-
fortunately, once again Behrendt leaves out the details o f  his 
research, including the film used and the wavelengths used in 
the e a r ly detection o f  di abetes and arterios c lerosis . 
I f  one extends spe c tral re flectance photograp hy into the 
in frared portion o f  the spect rum, one may determine other 
c linic al possibilities f or pathology detec tion. Ernest ( 1 968) 
visua l ly compared Kodachrome II fundus photographs with those 
tc:ken with Kodak Ektachrome IR Aero Type 8 4 4 3. When IR 
photogr aphs were taken, a Wratten 1 5G filter was used preceding 
the film to e liminate wavelengths below 5 2 0nm . 
The main advantage of IR photographs as noted by E rnest 
was the demarcation of melanotic lesions, whi le hemor rhages 
or hemangiomas were reduced signific ant ly in cont rast. Thus, 
size changes of me l anotic lesions can be fo llowed much more 
accurately with IR than with visible light photog r aphy. 
Suckling and Don a l dson ( 1 9 7 0) also found E ktachrome IR 
film combined with a Wratten 15 fi lter useful in di fferentiating 
blood and melanin deposits o f  the fundus . Neutral density 
filters placed in f ront o f  the f l as h  were observed to make 
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melanin depo s it s  blacker and blood more or ange . Even lightly 
pigmented melanomata could be detected using this technique . 
The authors recommend recording any tumor with IR photographs 
in order to detect size changes. 
Anothe r appl ication o f  IR fundus photogr aphy was deve loped , 
using indocyanine dye ( abs orption peak at 80 0nrn) inj e cted into 
the arteries o f  owl monkeys (Kogure et a l . ,  1970). 'A Wratten 12 
f i lter (trans mitting above 500nm) was placed in front o f  a camera 
with Kodak IR Aero film. As the serial photographs were taken, 
the filling o f  the blood ve sse l s with dye could be s een . Retinal 
capillaries could not be observed we ll, but the choroidal vessels 
could be seen as they filled because of the greater penetration 
o f  the longer wavelengths. 
Blumenthal {1971) utilized the s ame technique with injected 
indocyanine dye to s tudy the ef fects o f  intraocular pressure 
changes on the circulation of the retina and choroid. 
Flower (1972) fo llowed similar IR photo graphy procedures 
using indocyanine dye , but placed a Wratten 88A filter in front 
o f  the flash, which allowed wavelengths in the vicinity of BOOnm 
and longer into the eye. Choroidal circulation could be seen 
with IR photography and indocyanine dye move easily than with 
fluores c e in angiography , but the cl ari ty of the vessels was 
still somewhat lacking . Flower stated that the choroidal 
structure itself was probably responsible for the confus ion in 
analyzing choroidal vasculature. He found the technique to be 
a safe and use able one clinically. 
7 
D ifferentiation between amelanotic melanomas and 
hernangiornas is not possible w ith IR photography, accord ing to 
Dallow (1 9 7 4 ). Pigment in the tumors is needed to d istinguish 
them from hemorrhages. However, structures lying bene ath retinal 
exudates and v itereous opacities could be seen in IR photographs. 
Less dense anterior med i a  opacities could be p enetrated by IR 
wavelengths, but dense lens and corne a  opacities did not allow 
any details of the fundus to be shown. 
An investigation by Dallow and McMee l  (1974 ) utilized IR 
fundus photography to study diabetic retinopathy. Besides 
penetrating the medi a opac ities , IR photography p ierces through 
neovascular areas around the optic disk, so that the disk margins 
could be seen. Older and denser vitreous opacities were not 
penetrated well by IR wavelengths. Dallow and McMeel suggested 
that the penetration of opacities could be improved by blocking 
out visible light in infrared photographs, something that has 
not been studied as yet. 
Cockburn (1976) investigated the use of IR fundus photo­
araphy £or detecting a broader range of pathologies. He compared 
fundus photographs made with Kodak High Speed Ektachrome, and 
Ektachrome IR Aero film (combined with a Wratten 12 filter). 
Flash intensity was found to be a major factor in determining 
retinal penetration by IR wavelengths. By decreasing intensity 
of the flash, Cockburn found that retinal features could be 
visualized better than by previous investigators. By increas­
ing the intensity of the flash, choroidal structures could be 
_hotographed. Also, exposure time could be decreased to give 
L 
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retinal vessel detail comparable to that in normal color 
photographs. According to Cockburn pigment in retinitis 
p igmentosa and he aled chorioretinitis was seen in IR photographs 
as dark black , while deeper c horoidal pigments appeared light 
with the ophthalmoscope. Angioid streaks were found in some 
IR photographs and not seen opthalmoloscopally. Choroid al nevi 
were more cle arly outlined than with st andard color film, and 
in several cases, nevi not previously seen with regul ar photo-
graphs were revealed in the IR photographs. Cockburn observed 
that in one case, and IR photograph of a cotton wool patch 
corresponded to vasc u lar leakage in the fluoresce in anqicgrarn. 
In our research we continued the investigation into the 
potential of IR fundus photography for the detection o f fundu s 
pathology. Conventional fundus photographs we re compared to 
corresponding photographs taken with IR sensitive film. Pre-
l iminary work was done on subje cts without fundus pathologies 
to standardize techniques and exposure settings. When this 
was accomplished patient s  of the Pacific University College of 
Optometry Electrodiagnostic Clinic (ED) were uses as subjects. 
S ince the IR sensitive film used in the study was highly sensitive 
to shorter wavelengths, a blue cut-off f i l ter wa s necessary. 
The resulting p ictures contained much visible light in addition 
to the IR component. Four fil ters were chosen to selective ly 
mask increasing amounts of light (Fig. 3). 
The purpose of the study was to: (1) determine methods 
for fundus photography with the B&L Olympus fundns camera; 
(2) to compare l ike visible and IR photographs w i th respect to 
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NOTE: The SC-50 fi l ter transmits more blue than 
is recommended by Kodak for Ektachrome 
IR fil m . 
to the vi sibi lity of normal and abnormal retinal and choroidal 
s tr ucture s (Fig . 4 ) . 
Exper ienced s tudent and faculty c lin ician s  reviewed the 
selected s lide s  and judged the visibi lity of certain fundus 
feature s. A sca le from 0 to 10 was u sed by the j udge s. Zero 
FILM TYPE 
FILTER 
10 
Visible 
(Conventional) IRl 
EK-200 Fugi 
or SC-50 
EK-160 Filter 
or 
EK-64 
No Filters 
IR2 
Wratten 
#12 
F ilter 
IR3 
Wratten 
#25 
Filter 
F i g. 4-F ilm/F ilter Treatments� statistical 
comparisons were made between all possible 
pa irs. 
IR4 
Corn ing 
2-64 
Filter 
ind icated a "worst I've ever seen" rating while ten was "best 
I've ever seen." The ratings were averaged and tested statis-
tically to detect significant d i ff erence between f ilm types 
and filter tre atments. The following question was addressed: 
Does the IR photograph reveal add itional information about the 
fundus not seen in the conventional photograph? 
The visibility of retinal arteri es, retinal ve ins, choroidal 
vessels, details of the optic d isc, exudates, p i gmented areas 
and, in one subj ect, a metalic fore i gn body were used to test 
this question. 
METHODOLOGY 
Photography 
11 
Sub j e cts c ame from two different population s .  One group 
con s i sted of colle ge students . The se sub j ects were not patient s . 
The second group of subj e c t s  were s cheduled pati ents of the 
(ED) Clin i c. Of the second group spe c ific subjects were 
selected i f  fundus photography wa s possible and fit into the 
diagnosti c  rout ine for that patient . 
After the preliminary study on normal fundi, to gather 
exposure data sub j e c t s  were s elected who pre sented fundus 
pathology or a condi t ion different from normal . Refractive 
errors of any amount were not a consideration because the 
camera could be adjus ted to compensate for a broad range of errors . 
Contraindic ations for fundus photography inc luded a n arrow 
anterior angle precluding the use of rnydriati c s, known sensi­
tivity to the rnydri�tic/anesthet i c s, or higher than normal I OP 
(20mm Hg; Goldmann Applanation Tonome ter). 
Photographs that were later u s ed in comparison te sts were 
obtained from both subject population s . 
In preparation for the photographic se s s ions, preliminary 
procedures were conducted by the experimenters or other diagno stic 
clini cian s  ac cording to the c ircumstan c e s  of e ach subje c t . The 
following is the procedural s equence appli c able to fundus 
photography and does not include any additional procedure s used 
if a patient underwent other test ing in the ED Clinic. The 
subject was told the nature of the study and signed a human 
L 
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subjects release form (see Appendex I). Visual acuity, 
re fractive error, or visual f ields were obta ined i f  this infor-
mation was not already available from the pati ent case re cord . 
A case h istory was taken with emphasis on ocular mani festations 
of any pathologies or traumas or prior a l lerg ic responses contra-
indicating topical ocular drugs . A s l it lamp e xamination of 
the eye was made noting the status of the corneal epithelium, 
the anterior chamber depth and the presence or absence of 
aqueous f lare. This information was recorded on the ED Clinic 
record ing form (Appendix II). If there were no contraindica-
tions for the use of corneal anesthetics or mydriatics an 
authorization for use of diagnostic Pharmaceutical Agents was 
obtained from the director of the ED Clinic (Appendix III). 
Benoxinate 1% and Na f lourocein were instilled and Goldmann 
tonometry preformed. If IOP was within normal limits and there 
were no other contraindications for mydriasis an appropriate 
mydr iadic drug was ad�inistered. The time and pupil size at 
time of administratio� were noted. The subject was considered 
ready for fundus photography when the pupil diameter was at 
least 6mm. Immediately prior to fundus photography a complete 
- ophthalmoscopi c examination was made to assess the ocular health 
and localize areas of interest for photography. 
While the subject ' s eye was dial ating the fundus camera 
was readied for photography. Two interchangeable 35mm film 
backs were loaded. One film back was loaded with Kodak Ekta-
chrome ASA 200 or ASA 160 film. The other film back was loaded 
with Kodak Ektachrome Infrared film. The day, month and subject 
T 13 
number were entered into the number imprinting unit o f  the 
c amera . The subject' s name and a s signed subject number w as 
al s o  entered into the experimenters' photography log book. Each 
roll o f  film was recorded in the log book a s  a unit. The se 
entrie s inc l uded the date, film type, film expo sure number, 
subject number, flash exposure setting, area o f  retina photo-
graphed and comment s. 
The s ubject w a s  seated on a stool in front o f  the c amera. 
The subject w a s  requested to place hi s chin on the chin rest 
and his head again st the head rest. With e l derly patients it 
was o ften nece ssary for an a ssi stant to hold the head again st 
the headre st, brace the stool and/or prop up an eyelid with a 
cotton applic at or. 
Conventional fundus photograph s and in frared photograph s  
were taken. At least three expo sures of each film type/ fi lter 
treatment were made. Exposure dat a  specific for thi s c amer a 
found to be maxima lly e ffective are summarized in Figure 5. 
The sen sitivity curves of the IR fi lm are s ummarized in Figure 6. 
IR EKTACHROME 
Fugi SC-50 Filter 7 5  - 100 - 1 50 Watt Sec. 
W-1 2  Filte r 2 5  - 37 - 50 Watt Sec. 
W-25 Fi lter 25 - 37 - 50 Watt Sec. 
Corning Filter 150 - 200 - 2 50 Watt Sec. 
EKTACHROME 200 ( or 160 ) 
N o  Fi lter 3 7  - 50 - 7 5  Watt Sec. 
EKTACHROME 64 
No Filter 200 - 250 - 300 Watt Sec. 
Fig. 5-Exposure d ata for Bausch and Lomb 
(O lympus ) Fundus C amera. The above flash 
intensity settings for e ach film were found 
to produce correctly exposed photographs 
for most sub jects. Higher settings produced 
a washed out appearance. Lower settings produced 
a darkened fundus though the disc was well 
de fined because of it s re flectance. The sm all 
aperture setting was used for all film t ypes. 
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Exact procedures of using the B&L limited edition (Olympus, 
Model #GRC-II camera) for use with 35rnm film and the dimension 
specifications of the resulting photographs are contained in 
the camera instruction manual. Pertinent portions of the 
instruction manual are included in Appendix IV. 
Focus was kept standard in that the experimenter visually 
focused with the filter in place on the area of retina of 
interest. This was called the "subjective best focus." 
The "visible" Ektachrome film was developed locally using 
the recommended developing process. The Ektachrome IR film was 
developed by Kodak in San Francisco through a local film outlet. 
Turnaround time for the film was usually one week. 
15 
once the photographic session was completed tonometry 
and a slit lamp examination were again performed. Higher IOP 
at this time could have indicated an impending closed angle 
g l aucoma attack. Examination with the slit lamp monitered any 
corneal d amage from the Goldman tonometry procedures . The 
patient was told about the duration of mydri atic a f fects and 
advised to contact Pacific University College of Optometry in 
case of suddenly reddening or extremely painful eye(s). The 
patient was then released to the director of the ED clinic. 
Procedures Used to Conduct Photographic 
Compar ison Test 
A questionnaire, rating scale and answer sheet were 
designed. Eleven exper ienced student clinicians and faculty 
members were asked to judge the pictures. A short orientation 
was presented . This included "visible" and IR pictures not 
used in the comparison. Judges were not told that they were 
viewing IR pictures nor that there were always at least two 
pictures for each subject. Neither the case history nor diagnosis 
were told to the judges. Retinal vessels, optic disc, choroid, 
pigment and exudates were shown in the orientation slides. 
After a few sample questions were asked on the orientation slides 
the actual comparison test began. Thirty-two slides represent-
ing ten subjects were shown for one minute., one at a time in 
random order. One hundred and thirty-seven responses to the 
slides completed the test. Afterwards, test responses to five 
slides had to be eliminated. The final data included 112 
responses from each judge representing 9 subjects. Each question 
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on the que stionna ire had a key word a s sociated w ith it. For 
example, the que st ion pert aining to the vi sibility o f  ret in al 
arter ies had the key word " arterie s" . Thi s facil itated test 
givin g . 
Que st ion s from the que s t ionnaire are s hown below: 
CHOROID 
EXUDATES 
PIGMENT 
ARTEP.IES 
VEINS 
DISC 
FOREIGN B ODY 
In thi s slide how ea sily are the c horoidal 
ve s sel s or other choroid al structure s 
seen through the ret in a? 
In thi s  sl ide how well c an any exudates 
or depo sit s be seen? 
In thi s  sl ide how e a s i ly seen are any 
are a s  o f  pigment or hemorrhage? 
In thi s  slide how wel l  c an the ret inal 
arter ies be seen? 
In thi s sl ide how wel l can t he ret ina l ve in s 
be seen? 
In thi s sl ide how wel l can the detai l s  o f  
the opt i c  d i s c  be seen? 
In thi s  sl ide how easily c an the fore ign 
body be seen? 
All pert inent forms a s so c i ated w ith the compar i son te s t  and the 
judge s rating s are included in Appendix V. 
'I'reatment o f  Data Obtained F rom the Comparison Test 
Ch arts in the results section are illustrative o f  how the 
data was analyzed. Compari son s were made s ub j e c t  by subject 
with respect to individual questions on the que stionna ire sheet . 
A one- facto r analy s i s  o f  var i an ce w a s  per formed i f  nece s s ary 
to de tect s igni f icant variances w ithin the film/filter treat-
!'l.ents. T-tests were performed for all combinations if · a  
signif icant F ratio was observed. 
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RESULTS 
The s l ide s used i n  the compari s on te s ting s e s s ion are 
d i sp l ayed in the p l a s t i c  s l ide holde r s . The s l ides are properly 
or iented i n  the p ro j ector when the notch of the otherwise 
c i rc u l ar fundu s is  in the uppe r  ri ght hand corner o f  the pro-
j e cted image . As an a id to the interpretation o f  the stat i s t i cal 
re s u l t s  a br i e f  c a s e  hi s tory o f  e a ch sub j ect is g iven . 
S UBJECT : 0 0 2  Twenty- four year o l d  mal e ; n o  comp l a i nt s ; 
no apparent fundus patho logy ; good 
co rre c t e d  acuity � s eve ral sma l l  dru s e n  
i n  photo graphs . 
0 0 9  Ei ghty- s even year o l d  ma l e ; artereo l ar 
s c l e ro s i s ; EDTA che l e at i o n  t reatment 
1 9 7 5 . 
0 1 0  Seventy- e i ght ye ar o l d  male � a t rophy 
o f  d i sc ; VA 2 0 / 8 0  OS ; no s y s temi c  condition s . 
0 1 1  Forty- seven year old ma l e ; n o  comp l a int s ; 
no apparent fundus patho lo gy ; 2 0 / 1 5  OU . 
0 1 2  Twenty- three year o l d  ma le ; retinal de­
tachment and c ryo surge ry 1 9 7 5  o f  eye shown ; 
l a ser s urge ry OD a s  a prevent ive ; are as 
o f  surgerie s unknown ; 8 . 0 0D myope . 
0 1 4  Twenty - two y e a r  mal e ; presumed meta l i c  
fore i gn body i n  eye for seve r a l  year s ; 
date o f  oc curre n c e  unknown to p a t i ent ; 
f i e l d  l o s s  corre spond ing t o  for e i gn 
body ; VA 2 0 /15 . 
0 1 8  Twe nty- two year o l d  f ema l e ; n o  comp l a i n t s  
or h i s tory o f  o c u l a r  or sys temi c pathologie s ;  
numerous sma l l  g l i s tening depo s i t s  in 
p e riphe r a l  r e t i n a . 
0 1 9  Twenty - n i n e  year old ma l e ; at 1 6  n o t i ced 
v i s ion in r i ght eye a lmo s t  tota l l y gone . 
Doe s n 1 t  know how long the condit i o n  had 
been p r e s ent ; has 
child ; find ings : 
macular are a .  
l ived in Texas a s  a 
chorior e t in i t i s  in 
....... 
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0 2 1  Sixty-one year o l d  female with loca l i z ed 
" cy stoid chorioretinal degeneration " ;  
pre sumed o ld hemorrhage wa s d i f ficult to 
see wi th the ophthalmo s cope . Note hard 
e xudate at 3 o ' c l ock pos ition o f  p icture s , 
serous l eakage inte rior to th i s  with 
pre sumed o ld hemorrhage in centra l  portion 
o f  l eakage . 
Re s u l t s  o f  Compari son Te sting 
On the fo l lowing page s are tabul ated the me ans ( f irst 
number )  and s t andard devi ations ( second numbe r )  for the ratings 
made by the e l even j udge s . Ratings we re from 0 (Worst I ' ve 
eve r  s een ) to 1 0  ( Be st I ' ve ever seen ) . When there was a 
s i gn i f i cant d i f ference between any two means ( 95 %  leve l ) ,  a 
notation was made according to the fol lowing s cheme : 
* 
• 
The starred in frared f i lm/ f i lter 
treatment is s igni f i cantly more 
vi s ib l e  than in the vi s ib l e  p icture . 
The vi s i ble pi cture shows the 
se lected s tructure more v i s ibly 
than the boxed < • ) infrared 
treatment . The visible picture 
i s  boxed a s  i s  the l e s s  vi s ib l e  
I R  tre a tment ( s )  that meet ( s )  
stati stical s ign i fi c ance . 
The ranking within the infrared 
f i l ter treatment s (if s ign i f i c ant ) 
i s  s hown by the circle and 
number .  The number one ind i c ates 
that the s e l e c ted fundu s f eature 
wa s mo s t  v i s ible in that treatment . 
Equal numbers or lack o f  notat ion indicates that a 
s igni f i cant d i f ference wa s not reached for any compari son o f  
two means l i s ted . The doub l e  l ines around some vi s ible and 
I R/SC- 5 0  me an s , indi c ates that the se i nd ividua l  me ans we re 
ave raged acro s s  s ub j ects and comp ared v i s ib l e  to I R/SC- 5 0  a s  
d i s cu s s e d  in the next sect ion . 
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Pag e s  19 an 20 : Slides u s ed in compari son t e s t ing . 
( Se e  library copy in Pac i fic University Library ) 
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Subj ect 
0 0 2  
0 0 9  
0 1 0  
L 
0 1 1  
0 1 2  
0 1 4  
0 1 8  
0 2 1 
-· 
Vi s ib l e  
8 . 1 8 2  
( 1 . 4 7 1 )  
5 . 0 9 1  
( 1 .  7 0 0 )  
5 . 4 5 4  
( 1 . 6 3 5 )  
7 . 6 3 6 
( 1 .  6 2 9 )  
7 . 5 4 5  
( 0 . 9 3 4 )  
• 
6 . 9 0 9  
�( 1 . 4 4 6 )  
• 
8 . 1 8 2  
( 1 . 4 7 1 )  
II 
2 1  
* RETINAL ARTERIES 
I R  
S C- 5 0  
8 . 8 1 8  
( 1 . 4 0 1 )  
6 . 6 3 6  
( 1 .  7 4 8 ) 
* 
5 . 5 4 5  
( 1 . 6 3 5 ) 
6 . 5 4 5  
( 2 . 62 2 )  
7 . 3 6 4  
( 1 .  6 7 0 )  
0 
6 . 5 4 5  
( 1 .  5 7 2 )  
Ci) 
6 . 7 2 7  
( 2 . 1 0 2 )  
G) � 
I R  
W- 1 2  
5 . 8 1 8  
( 2 . 2 2 8 )  
0 • 
3 . 8 1 8  
( 1 . 1 6 8 )  
G) •  
4 . 1 8 2  
{ l .  5 3 7 )  
w 
7 . 0 9 1  
( 1 . 9 7 3 )  
CY •  
I R  
'V'.J- 2 5 
2 . 0 9 1  
( 1 . 8 1 4 )  
0 •  
3 . 0 9 1  
( 1 . 5 1 4 ) 
G) •  
3 . 0 0 0  
( 1 . 4 1 4 ) 
G) 
3 . 9 0 9  
( l . 8 1 4 ) 
G) a  
IP. 
Corning 
2 - 6 4  
! 
2 . 5 8 3  
( 2 . 1 9 3 )  
0 •  
1 . 9 0 9  
( l . 70 0 )  
G) 
2 2  
RET INAL VEINS 
I R  
I R  I R  I R  Corning 
Sub j ect Vi s ible SC- 5 0  W- 1 2  W- 2 5  2 - 6 4  
0 0 2  8 . 0 0 0  8 . 8 1 8  
( 1 . 3 4 1 ) ( 1 . 0 7 9 )  
* 
0 0 9  4 . 9 0 9  6 . 8 1 8  
( 2 . 0 7 1 ) ( 1 .  9 4 0 )  
* 
0 1 0  5 . 8 1 8  6 . 0 0 0  
( 1 . 6 6 2 )  ( 1 .  7 8 9 )  
0 1 1  7 . 6 3 6  6 . 8 1 8  
( 1 .  6 2 9 )  ( 2 . 3 1 6 )  
0 1 2  6 . 2 7 3  7 . 4 5 4  6 . 6 3 6 2 . 5 4 5  
( 1 .  3 4 8 )  ( 1 .  7 5 3 )  ( 1 .  8 5 9 )  ( 1 . 6 3 5 )  
• CD @ G)• 
Subj ect 
0 1 0  
0 1 1  
0 1 2  
0 1 4  
0 2 1  . 
Vi s i b l e  
3 . 3 6 4  
( 1 . 8 0 4 ) 
5 . 9 0 9  
( 2 . 5 4 8 )  
5 . 2 7 2  
( 1 .  3 4 8 )  
• 
6 . 0 9 1  
( 2 . 2 1 2 ) 
• 
5 . 2 7 3  
( l .  6 7 8 )  
• 
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OPTIC DISC 
IR 
S C- 5 0  
3 . 4 5 5  
( l . 6 3 5 )  
5 . 5 4 5  
( 1 .  9 1 6 )  
7 . 1 8 2  
( 1 . 8 3 4 )  
* G-) 
4 . 5 4 5  
( l .  6 3 5 ) 
-
�-·1 5 . 1 8 2  
I R  
W- 1 2  
6 . 8 1 2  
( 2 . 3 5 9 ) 
(;\ 0 
3 . 1 8 2  
( 1 . 4 0 1 ) 
CD• 
4 . 0 0 0  
( 1 . 8 4 4 )  
(1) .......  
IR 
W- 2 5  
1 .  0 0 0  
( 1 . 1 8 3 )  
G) •  
3 . 2 7 3  
( 1 . 7 3 7 )  
0) •  
3 . 0 9 1  
( 0 . 7 0 1 )  
0 •  
I R  
Corning 
2 - 6 4  
2 . 0 9 1  
( 1 . 3 5 7 )  
24 
CHORO ID 
IR 
IR IR IR Corning 
Subject Vi s ib le S C- 5 0  W- 1 2  W- 2 5  2 - 6 4  
0 0 2  2 . 0 9 1  3 . 0 9 1  
( 1 . 9 2 1 )  ( 1 . 8 6 8 )  
0 0 9  4 . 1 8 2  5 . 7 2 7  
( 1. 9 9 1 )  ( 2 . 6 1 1 )  
0 1 0  4 . 1 8 2  4 . 5 4 5  
( 1 .  9 9 1 )  ( 0 . 8 2 0 )  
0 1 1  2 . 4 5 5  2 . 2 3 6  
( 2 . 1 6 2 )  ( 1 . 9 1 2 ) 
0 1 2  5 . 0 9 1  8 . 0 0 0  8 . 0 0 0  6 . 6 36 
( 0 . 8 3 1 )  ( 1 .  0 0 0 )  ( 1 . 2 65 ) ( 1 . 2 0 6 )  
* * * 
CD CY 0 
0 1 4  5 . 6 3 6  5. 7 2 7 5. 454 5 . 4 5 6  5 . 1 8 2  
( 1. 6 2 9 ) ( 1 . 8 4 8 )  ( 1. 6 3 4 ) ( 2 . 1 6 2 )  ( 2 . 040 ) 
0 1 8  4. 1 8 2  4. 4 54 4 . 2 7 3  3. 0 9 1 
II ( 1 . 8 3 4  ( 1 .  7 5 3  ( 1 .  84 8 ( 1 . 1 3 6 )  
I CD 0 C0 (i) 0 2 1  2. 3 6 4  3 . 3 64 5 . 4 5 4 I ( 1. 9 6 3 )  ( 1 . 96 3 )  ( 1 . 5 0 8 )  @ * G) ii 
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EXUDATES 
IE 
I R  IR IR Corning 
S ub j ect Vi s ib l e  S C- 5 0  W- 1 2  W- 2 5  2 - 6 4  
0 0 2  4 . 8 1 8  4 . 8 1 8  
( 2 . 8 9 2 )  ( 2 . 4 4 2 )  
0 0 9  6 . 0 0 0  7 . 9 0 9  
( 1 .  9 4  9 ( l . 3 7 5 )  
* 
0 1 8  4 . 4 5 4 3 . 0 0 0  2 . 6 3 6  2 . 9 0 9  
( 2 . 6 5 9 )  ( 1 .  9 4 9 )  ( 3 . 1 0 7  ( 2 . 6 2 5 )  
0 2 1  6 . 0 9 1  4 . 3 6 4  6 . 3 6 4  
( 2 . 4 2 7 )  ( 1 .  8 5 9 )  ( 1 . 8 0 4 )  
• w •  \.....__,. @ 
PIGMENT 
I R  
I R  I R  I P.  Corn ing 
S ub j e c t  Vi s i b l e  S C - 5 0  W- 1 2  W- 2 5  2 - 6 L1  
0 1 0  2 . 1 8 2  t:; Ll r::, r .� .. .l __,. ..)  
( 2 . 3 5 9 )  ( 2 . 1 1 5 ) 
..._ 
0 1 9  8 . 5 4 5  7 . 8 1 8  7 . 0 0 
, (1 . 3 6 8 ) { 1 . 3 2 8 )  ( 2 . 1 9 1 )  
@ G) (-:;J -...v I 0 2 1  4 . 5 4 5  5 . 5 4 5  6 . 9 0 9  ( 2 . 9 1 1 )  ( 1 .  6 9 5 )  ( l. 0 4 4 )  
G) * * (y 
2 6  
FOREIGN BODY 
IR 
I R  I R  I R  Corn ing 
Subj ect V i s ible SC- 5 0  W- 1 2  W- 2 5  2 - 6 4  
0 1 4  5 . 0 0 0  7 . 6 3 6 7 . 1 8 2  6 . 6 3 6  5 . 3 6 4  
( 1 .  6 7 3 )  ( 1 .  7 4 8 )  ( 1 . 4 0 1 )  ( 1 .  8 5 9 ) ( 2 . 0 6 3 )  
* * * 
CD CD CD G) 
2 7  
CONCLUS IONS AND D I S CUS S I ON 
Con c l u s ions were drawn from data in the results section 
and rel ate b ack to the experimental que stions in the introduction . 
I t  i s  in structive to r e fer to individual s l ide s for c l a r i f i c ation 
of the author s ' comment s and conc lus ion s . 
The in frared f i lm comb ined with a Fugi SC- 5 0  f i lter i s  at 
lea s t  equal to the convent ional vi s ible fundu s photog raph in 
in forma t ion content . Of the 22 ins tance s whe re fundus item 
by item compari sons could be made ,  the SC- 5 0  f i lter treatment 
wa s r ated s i gn i fi cantly mo re vi s ib l e  five time s . In 1 5  o f  
the se ins tan c e s  the S C - 5 0  f i l ter and the vi s ible photograph 
were r ated qual . I n  only 2 compari sons was the vi s ib l e  j udged 
higher by the expe r i enced c l in i c i an s . When the s e  two tre atment s 
were compared a s  who l e s  acro s s  a l l  s ub j ects , a s  ind icated in the 
r e s u l t s  s e c t ion , no stat i st i c a l  d i f ference was found between 
the two treatments . That i s , retinal arter i e s ,  retinal ve ins , 
choroid and optic d i s c  are seen equally we l l  in the two tre at-
ment s . In ind ividual s ub j ects the SC- 5 0  f i l ter and I R  f i lm 
depicted s ome conditions with better reso l ut ion than the v i s ib l e  
Ektachrome . S ub j ect 0 0 9  had age and arte reolar sc lerot i c  
fundus change s . Not on ly were the cotton wool patche s s een 
with better contras t but appe ar to be more numerous than in 
the l ike vi s ib l e  p ic ture . Are a s  o f  re t inal thin ing ( or c horoidal 
s c l e ro s i s ? )  are more apparent in the I R  picture . S ubj e ct 0 1 0  
had opt i c  atrophy in the d i s c  area with inc reased pigmentation 
( moth eaten appe aran c e )  . The pigme ntation was s een bad ly i n  
the vi s ib l e  p i c ture ( 2 . 1 8 2 ) ave rage rat ing ) wh i le it wa s seen 
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a t  l e a s t  average ( 5 . 4 5 }  i n  the I R/SC- 5 0  treatment . Sub j ect 
0 1 4  had a met a l i c  fore i gn body encapsul ated on the retina . Al l 
I R  f i l t e r  tre atments outl ined the metal s igni f icantly better 
than the visib l e . The vi s ib i l ity o f  the metal was average ( 5 . 0 0 )  
in the vi s ib l e  l ight pho tography and was increased i n  the I R  
tre atments ranging from 5 . 3 6 4  t o  7 . 6 3 6 . 
I t  is apparent that with the u s e  of the SC- 5 0  filter that 
the I R  and visible pictures are al ike in many respects . The 
visibil ity of the usua l  fundus feature s are the s ame . Even 
though the v i s ib i l it i e s  are the s ame , the color rendition i s  
d i fferent which l e ads to incre ased contrast between retinal 
features in some ind ividua l condit ion s ( Sub j e ct 0 0 9 , 0 1 0 , 0 1 4 ) . 
It i s  apparent from Figures 3 and 6 that the SC- 5 0  fi lter 
passes more visibl e  l i ght of the shorter wave lengths than Kodak 
re commends . The apparent l ack of retinal penetrating power 
may be due to the overriding e f fects o f  the increased visibl e  
component . The S C- 5 0 filter and I R  f i lm produces , in e f fect, 
a f a lse color picture uti liz ing primarily vis i b l e  light . 
Ret i n a l  arterie s ,  veins and disc tend to be l e ss visibl e  
than conventiona l  fundus photographs when using infrared f i lm 
and combined with e ithe r a Wratten 1 2 , Wratten 2 5  or a Corning 
Gl ass 2 - 6 4  f i lter . Con s ider ing sub j ects 0 1 2  and 0 1 4 , the 
conventional photograph s  were signifi c ant ly better in thi s 
respect than the IR photographs in 1 3  o f  the 1 5  possibl e 
comp a r i son s .  These results are simi l ar to those reported by 
other invest i g ator s ( F e l dman 1 9 3 6 , D a l l ow 1 9 7 4 , and Cockburn 
1 9 7 6 ) . With an increasing percentage of vis ible l ight arterie s ,  
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ve ins and d i s c  det a i l  are futher reduced in v i s i b i l i ty . Thi s  
trend i s  evident when c omparing the results o f  the Wratten 1 2 , 
Wratten 2 5  and Corning 2 - 6 4  fi l ter tre atment s .  When the re are 
s igni fi cant di f ference s ( cons idering a l l  sub j e ct s ) the Wra tten 
1 2  s hows greater vi s ibi l i ty than the Wratten 2 5 , which in turn 
shows greater vi s ibil i ty than the Corn ing 2 - 6 4  f i l ter treatment . 
In seve r a l  I R  p icture s with the Wrat ten 1 2  or 2 5  f i l ter s ,  the 
re tina l  va s cu lature o r  d i s c  d e t a i l  was rated ave rage or highe r . 
The s e  ve s s e l s c an be used a s  topograph i c a l  features for 
orientation purpo s e s  to locate choro ida l feature s in rel ation to 
the retinal sur f ace . 
The choro id appe a r s  to be seen more e a s i ly in I R  p i c ture s 
than convent iona l fundus photographs in mo s t  instance s .  Thi s 
again suppor t s  the conclus ions o f Dal low 1 9 7 4 , and Co ckburn 
1 9 7 6 . Choroidal vi s ibil i ty i s  more evident in p ictures u s i n g  
the Wratten f i lters o r  the Corning f i lter than it i s with the 
S C- 5 0  f i lte r . The one I R  p i cture us ing an SC- 5 0  in which the 
choroid wa s more v i s i b l e  than in the conventional p i cture 
appe ar s to be an underexpo sed picture even though the f l ash 
intens i ty s e t t ing was normally the bes t  s e tt ing . Th i s  supports 
the idea that the vi s i b le l i ght component u sual ly ove r r id e s  
the I R  component when the S C- 5 0  f i l ter i s  u sed . The choroid 
is mo s t  vi s ib l e  in the IR treatment o f  s ubj ect 0 1 2 . It mus t  
be pointed out that subj e c t  0 1 2  had a l ightly te s s e l ated fundus 
o f  ave rage vi s ib i l i ty ( 5 . 0 9 1 )  in the convent ion a l  p icture . 
S ubj ect 0 2 1 had a non-te s s e l ated fundu s wh ich be come s evident 
with the u s e  of IR f i lm and a Wratten 2 5  f i l te r . In subj ect 
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0 1 4  the vi s ib i l i ty o f  the d i srupted choroidal ve s se l  pattern 
wa s r ated ave rage for a l l  f i lm/ f i lter t reatmen t s . I t  i s  the 
experimenters' opin ion that the choro ida l pattern is more evident 
w ith the IR treatments { Wratten 1 2 , 2 5 , and Corning 2 - 6 4 ) . 
S ub j ect 0 1 9  doe s not show the choro idal pattern through the 
functional retina . The focus appears to be at a d i f ferent 
depth due to the extens ive retinal ho le which c aused the non­
di sea sed retina/choroid to be out of focus . Whi l e  there i s  
var iat ion i n  the vi s ib i l ity and resolution of the choro idal 
ve s s e l s  it tend s to be more evident in I R  f i l te r  tre atment s 
( except the S C- 5 0  f i l t e r ) . 
Hard exudate s ,  as seen in sub j ects 0 0 2  and 0 2 1 , are seen 
as d i s c rete white spots in all f i lm and f i l te r  treatmen t s . 
They are probably s een equal ly we l l  in conventional fundus 
photographs and I R  photogr aphs . S ubj e ct 0 2 1  is di f ficult to 
evaluate because a h ard exudate and s erous le akage are present 
s imul taneously . S ubj e ct 0 1 8  has numerous sma l l  g l i stening 
depo s it s  throughout the fundu s .  It i s  po s s ib l e . that the 
deposits were not seen wel l  because o f  their sma l l s i ze , in­
c reased magn i f i cation from pro j ect ion and j udges viewing 
d i s tance . The bes t  vi s ib i l ity ( 4 , 4 5 4  mean , 2 . 6 5 9 S D )  was the 
IR f i lm and the S C- 5 0  f i l te r . The fal se color gave an increased 
contr a s t  and permitted detection o f  the depo s i t  not seen as 
we l l  in other IR tre atment s .  The di f fe rence was not s i gn i f i c ant 
at the 9 5 %  leve l ,  however . 
I n frared f i l m  and the use of e i ther a Wratten 1 2  or 
Wratten 2 5  f i l ter ( Corning 2 - 6 4  not used) s i gnificantly increa s ed 
..... 
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the vi s ib i l ity o f  a pre s umed old , deep , blot- shaped hemorrhage 
(pigment ) in sub j e c t  021. The borders of the hemorrhage are 
better de f ined in the I R  p i c ture s which accounts for the 
incre ased vi sibility . 
The inf rared pi c ture s o f  th i s  study taken with the 
Wratten 1 2 , Wratten 2 5  and Corning 2-64 f i l t e r s  d i f f e r  in 
appe arance f rom those of Co ckburn ( 1 9 7 6 ) . Cockburn used Kodak 
H igh Speed Ektachrome I n frared Ae ro F i l m ,  a Wratten 1 2  f i l te r , 
and a Topcon TRCJ Re t i n a l  Came r a . This f i lm was rep l ac e d  by 
Kodak Ekt achrome in f r ared f i lm ( Ko d ak Pub . N- 1 7 )  anc h a s  
v i rtually t h e  s ame emul s i on characteri s t i c s  as the former . 
Co ckburn ' s  p i c ture s have a green , brown or b lu i s h  appe aran c e  
more s imi l ar to the I P  photographs o f  thi s experiment taken 
wi th the S C- 5 0  f i l te r . There i s  mo re b l ue in h i s  p i c t ur e s  than 
comparable p icture s in this e xper iment . Thi s i s  po s s ibly due 
to the l i ght sources o r  d if fere nce s in exposure s .  Co ckburn 
de s c r ibes Dal low ' s ( 1 9 7 4 ) IR pi cture s  as app e a r i n g  s im i l ar to 
ordinary color f i lm .  Da l low u s e d  a Z e i s s  fundus c ame r a , Ek t a­
chrome I n frared Aero F i lm combined ,,1 i t h  Wratten 1 2  and 8 f i lte r s . 
Da l l ow ' s  I R  p i c ture s are more s imi l ar to our Wratten 1 2 , 2 5  and 
Corning 2 - 6 4  f i l ter tre atmen t s . I t  i s  app arent that there 
is considerable variat i on in photograph appearanc e when u s i n g  
t h e  s ame f i lm and f i l ters . Furthe r inve st ig at ion s o f  the 
di f ferent l i ght sourc e s , e xpo sure t ime s and c ame r a  s y s tems mus t  
b e  done in order to exp l a i n  the s e  di f ference s . 
There are s l i g h t  d i f f e rence s among the I R  p i c ture s o f  th i s  
s tudy taken w i t h  the Wratten 1 2 , Wratten 2 5  and Corn i n g 2 - 6 4  
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f i l te r s . The Wratten 12 p ic ture s are gene r a l ly y e l l ow .  The 
Wratten 25 are y e l l ow-orange and the Corn ing 2 - 6 4  are redd i s h  
i n  appearance . It would be premature to e l iminate any o f  
the se f i lters from cons ideration o f  u s e  a t  th i s  t ime , due to 
the l imited number of be tween filter compar i sons made in this 
s tudy . I t  i s  the exper imente rs ' opinion that the Wratten 12 
and 25 f i l ters produce more use ful p icture s for c l inician s  
s ince t h e  re tinal ve s s e l s  are o ften vi s ib l e  making the compar­
i son to conventional photographs e a s ier . The penetrat ing c apa­
b i l i t i e s  of the se three fi lter treatment s seem to be equa l . 
The experimenters o f  thi s s tudy focused visually on a 
sma l l  retinal b lood ve s s e l  with the f i lter in p l a ce s . Thi s 
wa s found to produce good fundus photographs . Prel iminary 
s tudy s howed no advantage o f  focus ing e i ther s l ight ly deeper 
into the retina or in front of the retina ( to f i r s t  noticeable 
b lur in both direct ion s ) . Dal low ( 1 9 7 4 ) and Suckl ing and 
Donald son ( 1 9 7 0 )  found it nec e s s ary to focus deeper than the 
vi s ib l e  focus . The s e  experimenters ' method may yield a more 
con s i stent focus . Cockburn ( 1 9 7 6 )  found that the more inten se 
the f l ash the mo re choroidal det a i l  wa s evident and retinal detail 
l e s s evident . This study found that choroidal and r e t i n a l  
ve s s e l s we re both vi s ible s imultaneous ly at lower flash inten s i ty 
s e t t i ng s . H ighe r settings tended to wa s h  out retinal feature s 
and b l u r  the choro i d a l  ve sse l pattern s . 
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SUMMARY 
I n  thi s s tudy in frared fundus photographs have been s hown 
to reveal in formation not e a s i ly ascertained in conventional 
fundus photographs . Choro idal deta i l  generally i s  s e en better 
as are s truc ture s in the choroid . False color fun d us rend i t ions 
from the SC- 5 0  f i lter c an permit the c l in i c i an to ob s erve 
retinal chan ge s with greater a c cu racy than the conventional 
fundus photographs . 
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